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Anaerobiosisa b s t r a c t
Entamoeba histolytica is among the most deadly parasites accounting for the second highest mortality rate
among parasitic diseases. Nevertheless, contrary to trypanosomatids, this protozoan in hardly studied by
parasitology groups. This astonishing discrepancy is largely due to the remarkable intricate conditions
required for parasite proliferation in vitro, particularly whenever large cell numbers are required. The
present study was undertaken in order to optimize E. histolytica culturing harvest, using mineral oil layers
preventing culture medium-air contact to maintain anaerobic conditions in culture plate wells. 2  104
trophozoites were plated on each well in 2.0 mL YI-S-33 medium, supplemented with bovine serum
and 700 lL mineral oil. Parasites were daily quantiﬁed by light microscopy counting for up to 96 h
and trophozoite motility was also assessed. We notice that E. histolytica cultures in 24-well plates reached
several-fold higher cell densities, particularly whenever the mineral oil layer was placed on top of the
medium surface, blocking the air interface.
At least 99% of the parasites were vigorously motile for 72 h in oil-containing wells, whereas only less
than 5% displayed signiﬁcant motility in oil-devoid wells.
In order to determine whether such different growth responses were due at least in part to the oxida-
tive stress, we used the reactive oxidant species ﬂuorescent probe dihydroethidium (DHE).
The remarkably higher DHE parasite labeling in oil-devoid cultures indicate that oxidative stress reduc-
tion can play a signiﬁcant role in elevated growth rates observed in oil supplemented cultures. Propidium
iodide and Trypan blue dye-exclusion assays indicate that parasite necrosis resulted from the stressing
conditions.
The present study indicates that E. histolytica culturing in oil-sealed wells may comprise a valuable tool
for bioactivity of antiparasitic compounds.
 2012 Elsevier Inc. Open access under the Elsevier OA license.sevier OA license. 
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Entamoeba histolytica is the protozoan parasite responsible for
human amoebiasis which comprises a potentially fatal disease of
cosmopolitan distribution, reaching up to 10% of world population,
Fig. 1. Side view of a 24-well culture plate displaying wells with (arrow) and
without added 700 lL mineral oil (Nujol) layer on top of the 2 mL YI-S-33 culture
medium, supplemented with 20% (v/v) bovine serum.
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2007; Upcroft and Upcroft, 2001; WHO, 2012).
The disease is established with the ingestion of food or water
contaminated with parasite cysts and progresses with the prolifer-
ation of trophozoites in the large intestine lumen (Pritt and Clack,
2008; Upcroft and Upcroft, 2001). This luminal parasite mostly sur-
vive commensally feeding on bacteria, but can eventually injure
the large intestine epithelial layer, ulcerate the mucosal tissues
and reach other organs such as liver, lungs and even brain
(Espinosa-Cantellano and Martínez-Palomo, 2000). There are innu-
merous unanswered questions on the amoebiasis pathophysiology.
Many of them wait to be elucidated because of deﬁcient experi-
mental models. Despite the medical importance of this disease of
high lethality and the relevant scientiﬁc questions regarding the
control of virulence in a protozoan which may shift between an
asymptomatic infestation to a deadly infection, E. histolytica is sel-
dom approached experimentally. The tricky and burdensome isola-
tion and cultivating procedures have usually hampered attempts
to study this parasite.
E. histolytica dwell in low oxygen tension conditions, but im-
mune responses and even the protozoan per se produce oxygen
and nitrogen reactive species (Wang et al., 1994; Tekmani and
Mehlotra, 1999) which may be toxic for the parasite, nevertheless
little is known about the mechanisms employed to endure oxida-
tive stress during tissue invasion or experimental handling. There-
fore, cultivation of this parasite requires microaerophilic
conditions, mimicking the human gut environment.
The present study was undertaken in order to standardize the
anaerobic/microaerobic in vitro conditions adapting the early
methodology of oil blocking culture medium surface to optimize
E. histolytica axenic proliferation in multi-well plates.2. Material and methods
2.1. Parasite cell culture
E. histolytica HM1-SS strain was kindly provided by the
Dr. Edward Felix Silva and Dr. Maria A. Gomes, Parasitology
Department, Universidade Federal de Minas Gerais (UFMG) and
maintained in YI-S-33 medium.2.2. Proliferation assays
E. histolytica routine growth was performed in 15 mL test tubes,
containing 12 mL YI-S-33 medium supplemented with 20% (v/v)
bovine serum, using 2  104/mL inoculum. The tube ice-
cold-detached cells were centrifuged at 380g, 4 C, for 10 min,
washed in cold PBS, pH 7.2, before counting. Parasite proliferation
was assessed by daily light microscopy direct counting on Neu-
bauer chambers for 96 h.
For assays performed in 24-well plates, each well was seeded
with 2  104/mL E. histolytica trophozoites, in 2 mL YI-S-33 med-
ium supplemented with 20% (v/v) bovine serum. Some wells also
received a 700 lL mineral oil (Nujol) layer on top of the culture
medium surface (Fig. 1). The oil layer was carefully laid on the cen-
ter of the culture medium surface and whenever necessary the tip
was gently used to lay it down regularly. Different mineral oil
trademarks were tested, producing the same results (not shown).
Living trophozoites were incubated with either 4% trypan blue
(TB) or DAPI before counting on an inverted microscope.
Dye exclusion assays were performed with coverslip-adherent
parasites, so that detached parasites were removed.
Statistical analysis and data plotting were performed using
Graphpad Prism 5.0 employing ANOVA and Tukey as a post-test.2.3. Detection of ROS
In order to detect reactive oxidant species (ROS) we used the
probe DHE. Glass coverslip-containing wells were plated with
2  105 trophozoites/mL with and without mineral oil and cul-
tured for 72 h. Living trophozoites were incubated with 5 lM/mL
DHE for 10 min and directly observed under an Olympus BX51ﬂuo-
rescence microscope and all micrographs were made in using the
same capture parameters.3. Results
E. histolytica proliferation in both tubes and 24-wells plates
peaked within 72 h, but the growth in tubes was characterized
by a long lag phase, whereas in plates the parasites entered an
early log phase, therefore the cell densities achieved were three-
fold higher, although the medium volume used was 6 times lower.
We compared the E. histolytica proliferation in oil-covered med-
ium within 24-well plates with cultures carried out in anaerobic
jars. Interestingly no signiﬁcant difference was observed but the
handling was quicker and easier (particularly microscopical moni-
toring) in the former. The parasite growth in tissue culture plates
displayed similar pattern in the ﬁrst 48 h, but addition of a mineral
oil layer on the top of the culture medium signiﬁcantly (p < 0.0001)
enhanced E. histolytica trophozoite numbers in 72 and 96 h time-
points (Fig. 2). This effect was not achieved by adding the same
volume of medium. At 48 h the parasites grown in oil-covered
medium displayed about 25% enhanced proliferation, higher motil-
ity and substrate adherence than the ones kept in oil-devoid wells.
At 72 h, oil-containing E. histolytica cultures reached an almost
complete conﬂuency, covering most of the well bottom area and
kept high motility with constant pseudopod emitting, whereas
the oil-devoid wells presented mostly immotile, clustered and/or
detached parasites (Fig. 3). At this time point mineral oil-
containing cultures presented about 120% more adherent and fully
motile trophozoites (Fig. 2).
Cell viability, was assessed by adherence, DAPI and TB dye
exclusion. Proliferation in the oil-containing wells was maintained
all over the assay and ﬁnal cell counts were enhanced by circa 98%
and less than 1% of cells were DAPI- (not shown) or TB-stained
(Fig. 4). It is noteworthy that most of the cells cultured without
oil were detached and therefore not counted.
We also approached the possible effects of oxidative stress on
trophozoite viability. The ﬂuorescent probe DHE was used for
ROS detection. We observed that protozoans cultured without
mineral oil were remarkably more labeled, indicating intense
ROS production (Fig. 5).
Fig. 2. Entamoeba histolytica trophozoite proliferation curves. Parasite growth in test tubes, containing 12 mL YI-S-33 medium seeded with 2  104 trophozoites/mL (A). For
trophozoite culture in plates, each well was seeded with 2  104 parasite cells/mL inoculums, in 2 mL of the same medium supplemented (d) or not (.) with 700 lL oil (B).
Note the signiﬁcantly enhanced parasite proliferation. The symbols  and  indicate p < 0.05 and p < 0.01, respectively.
Fig. 3. Interference contrast microscopy of Entamoeba histolytica trophozoites in YI-S-33 medium, plus bovine serum, supplemented (A–D) or not (E–H) with mineral oil and
cultured for 24 (A, E), 48 (B, F), 72 (C, G) and 96 (D, H) hours. Although often in apparent conﬂuency (C and D), the trophozoites were adherent and highly motile, displaying
profuse pseudopod emitting.
Fig. 4. Proliferation/survival curves of Entamoeba histolytica coverslip-adherent
trophozoites in well plates with (d, s) and without (., 5) mineral oil, taken daily
for 96 h stained (closed symbols) or not (open symbols) with trypan blue (TB).
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E. histolytica is a widespread pathogen associated to high mor-
tality in many parts of the globe (Ravdin, 2000). Nevertheless only
a few research teams focus this protozoan experimentally. This
unexpected and astonishing observation is largely due to the intri-
cate culturing procedures required for maintaining and prolifera-
tion of this cavitary parasite. The present study was undertaken
in order to optimize axenic E. histolytica in vitro culture, employing
a simple and inexpensive procedure. We employed mineral oil
overlays on the air-medium interface to decrease oxygen tension,
so promoting parasite proliferation (Ahn and Burne, 2007). We
standardized culture conditions in 24-well plates so that culturingoutcomes may be followed continually with minimal contamina-
tion risks. The reduced medium volume and high number of viable
trophozoites yielded indicate the technique is suitable for anti-
amoebic compound in vitro essays. This simple approach may
comprise a valuable tool since anaerobic parasites such as tricho-
monads, Giardia lamblia and Entamoeba sp. are often cultured in
tubes (e.g. Bernardino et al., 2006; Maia et al., 2008; Jesus et al.,
2002, 2004; Reis et al., 1999). It is noteworthy that these protozoa
are often adherent while viable and parasite attachment maybe
modulated by surface charge (Saraiva et al., 1989) and free energy
(Silva Filho et al., 1990). In this regard oxidative damage was
shown to affect bacterial surface free energy and adhesion
(Marciano et al., 2009).
Cell proliferation was enhanced by over four-fold by addition of
a mineral oil layer, presumably due to the increased viability, as as-
sessed by DAPI and TB exclusion. It is noteworthy that parasites
maintained under such conditions displayed much higher motility,
indicating remarkably elevated metabolic rates. It is also interest-
ing to remark that trophozoites grown in oil-devoid medium were
largely aggregated, what may hamper some assays and may point
out to the oxidative stress effect.
It has not been established why plate-grown trophozoites did
not enter a lag phase but the bacterial lag growth phase is associ-
ated with oxidative stress resistance (Rolfe et al., 2012; Lei et al.,
2011; Altincicek et al., 2011; Pin et al., 2009; Zheng et al., 2011).
Fig. 5. Fluorescence microscopy for ROS detection in of Entamoeba histolytica trophozoites. Parasites were cultured for 72 h in plate wells with (A) and without (B) mineral oil,
before incubation with 5 lM of DHE probe for 10 min. Oil addition clearly reduced probe labeling of trophozoites.
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by microbial organisms including bacteria/mycobacteria (Wu
et al., 1999; Carvalho et al., 2004; Klebensberger et al., 2006;
Klebensberger et al., 2007; Bible et al., 2008) fungi (Giacometti
et al., 2011) and slime mold myxomycetes (Maniak and Nellen,
1988). Stress also leads to human leukocyte aggregation (Arber
et al., 1991; Berliner and Aronson, 1991; Schapiro et al., 1995) and
disrupted cells may form aggregates (Dewitz et al., 1977).
Cell aggregation can also be brought by oxidative stress condi-
tions upon prokaryotic and mammalian cells (Baskurt et al.,
1998; Ben-Hur et al., 1997; Calejo et al., 2010) and may protect
cells from oxidative damage (Schwochau et al., 1998; Schembri
et al., 2003; Nachin et al., 2005; Tree et al., 2007). Thus it seems
reasonable to infer that the trophozoite aggregation and even the
culturing lag phase reported here are related to the oxidative dam-
age of parasites in oil-devoid cultures. This inference is supported
by the high frequency of DHE-labeled parasites in such conditions.
Taken together these data indicate that this method allows high
E. histolytica yields, using small culture medium volumes in a safe
reliable and uncomplicated procedure, quite suitable for antipara-
sitic compound assays.
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